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Comparing t h e  i n t e n s i t y  of t h e  II20 1.4 l i n e  on Mars, 
the  Moon and the  stars, t h e  Author e s t a b l i s h e d ,  by us ing  a pho- 

tomet r ic  method under i d e a l  h igh -a l t i t ude  win te r  condi t ions  
2 t h a t  P l ane t  >lam conta ines  2 e 10'2g/cm of N20 i n  the  s ta te  of 

.vapor. Assumed e n t i r e l y  l i q u e f i e d ,  t h i s  moun t  of mart ian water  

would c o n s t i t u t e  on t h e  ground a l a y e r  0.2 m khicke 
t @uldQb ' ufdeL. 

* * *  
P o l a r  caps of Planet Mars p o l a r i z e  t h e  l i g h t  i n  the  man- 

n e r  of t i n y  water i c e  c r y s t a l s .  These were reproduced i n  labora-  

t o r y  cond i t ions  by r e c o n s t i t u t i n g  martian phys ica l  f e a t u r e s  
L igh t  is a l s o  polar ized  by martian clouds j u s t  as i t  is by t e r r e s -  

trial cirrus clouds c23.  The i n f r a r e d  r e f l e c t i n g  power of p o l a r  

caps is compatible with water white frost c31e It is  thus  c e r t a i n  
t h a t  t h e  atmosphere of Mars contains  water vapor,  which, be ing  

very mobile, m u s t  move about seasonably and a l t e r n a t e l y  from one 

hemisphere t o  t h e  o t h e r  c2, 43. 
But to-date  all at tempts  t o  seek  t h e  spec t roscopic  proof 

of  ex i s t ence  of water vapor have f a i l e d  ( s e e  c 3 ,  5, 6, 71, 

- .  - * Mesure de l a  quan t i t6  de vapeur d 'eau contenue dans l ta tmosph$re 
de la plan'ete Wars. - 



2. 

For l a c k  of d a t a ,  s p e c u l a t i v e  e s t ima tes  diveraed as follows: 
4 0 loo2 g/cm2 (Hess, 1948, Cay), 6 . 10-4g/cm2 (Kuiper,  1948, C31, 

from 4 - loo2 t o  4 - lOo3g/cm2 (H, C. Urey, 1959 E l l ] ) .  The obser- 

va t ions  conducted i n  a f r e e  ba l loon  l e d  me t o  the  e s t ima te  of 

' 1 gz- cm2 (de Vaucouleurs C91), 3 - loo3 g/cm2 (Goody, 1957 Cloy), 

* 2.5 loo2 &m2 El21 

1WL"OD. - I n  January 1963 Plane t  Ib lars  had + 1 9 O  f o r  d e c l i -  

nz t ion  and i t  was high i n  t h e  sky, while the  low temperature of  t h e  

win ter  l e f t  l i t t l e  water 'lapor i n  our  Etmosphere. The very-highly 

l o c a t e d  S c i e n t i f i c  S t a t i o n  of  Jungfraujoch (3,600 m i n  the  Alps) 

i s  above the atmospheric l a g e r s  conta in ing  most of t h e  t e r r e s t r i a l  

water. There t h e  temperature o f t e n  drops t o  - 25OC, and t h e  humi- 

d i t y  - below 20%. The atmosphere conta ins  then above t h e  place of 
observa t ion  only a few centigrams of water  pe r  cm2, Sach condi t ions  

allow t he  sea rch ing  of  water vapor i n  p l ane ta ry  atmospheres by a 
s imple  photometric comparison o f  t e l l u r i c  bands between the heaven- 
l y  body and the  comparison l i g h t  provided by t he  Sun, t h e  Moon and 

c e r t a i n  stars. It i s  thus appropr ia te  t o  s e l e c t  non-saturated 

s p e c t r d  bands along v i s u a l  r ays  under the  given condi t ions  of 

observa t ion ,  The 1.15 and 1.40 p bands a r e  s u i t a b l e  f o r  t h a t  purpose,  

t he  l a t t e r ,  more inbense ,  being s a t u r a t e d  f o r  loo1 g/cm , correspoii- 
d ing  t o  t h e  m a x i m u m  s e n s i t i v i t y  of  PbS cells. 

2 

DEVICE. - The 1.4 p, band is i s o l a t e d  by a Lyot-type p o l a r i i  
8 i n p  f i l t e r  with four  qua r t z  p l a t e s  of 0.4 tu half-width,  centered 

on 1,385 r/ . I previous ly  descibed a device u t i l i z i n g  such f i l t e r s  

t o  measure the  s p e c t r a l  band i n t e n E i t y  [12,133,  The l i g h t  condena- 
s e r  is a r e f l e c t i n q  t e l e scope ,  50 cm i:i diameter ,  with a f /I  aper- 
t u r e .  The C a s s e w a i n  combination g ives  i t  a 3.5 m foca l  l e n g t h ,  

Owing t o  the half-wave blade modulator r e c e n t l y  descr ibed [14Y, 
t h e  f i l t e r  t r ansmi t s  t h e  s y e c t r a l  band t o  be measured and two l a t e -  

ral bands a l t e r n a t e l y  and r ap id ly .  A Wollaston b i r e f r i n g e n t  prism 

u .  



is s u b s t i t u t e d  for the  p o l a r i z e r  a t  t h e  output .  It emits two ortho- . 
gonal ly  polar ized  and oppoaite-phase moduiated beams, which i l l umi -  

na t e  t h e  tv-o halves  of t he  photocathode of  t h e  PbS c e l l ,  e s p e c i a l l y  

prepared i n  1!, Lallemand's l abora to ry  w i t h  an  add i t iona l  median 

e l ec t rode  d i r e c t l y  connected t o  a m p l i r i e r  output  r e s i s t a n c e .  When 
cooled by means of s o l i d  carbon d ioxide ,  the  c e l l  promotes n a t u r a l  

f l u c t u a t i o n s  of 10-l'~ i n  1 s. 
The s i g n a l  emit ted by t h e  1.4 p band o f  H20 is compensated 

by t h e  i n t e r p o s i t i o n  of a quar tz  p l a t e  between the  two mobile pola- 

r i z e r s ,  c r e a t i n g  a r ibbed spectrum of  ad jus t ab le  c o n t r a s t ,  framing 

the  band t o  be measured. 
The observer  ensures  a p rec i se  compensation tP- $0 $he 

prolonged kn teg ra t ion  of t h e  r e s i d u a l  s i g n a l  w i t h  t h e  h e l p  of a 
fluxmeter.  The s e n s i t i v i t y  inc reases  as t h e  heavenly body's br ight -  

ness  and as the  square r o o t  of the  i n t e g r a t i o n  durat ion.  A dozen of 
60 s - i n t e g r a t i o n s  on F lane t  Mars, of  +0,7 magnitude, provide the 
t eno r  i n  water w i t h  a p rec i s ion  t o  2 8 loo3 g/cm2. 

The i n d i c a t i o n s  of t h e  compensator a r e  converted i n t o  t enor  

{ i n  water by previous c a l i b r a t i o n ,  obtained by aiming at l i g h t  sour- 

ces  a t  inc reas ing  d i s t a n c e s ,  between 3 and 300 m ,  knowing t h e  tempe- 

r a t u r e  and hurriiditg o f  t h e  air, 

-11 OBSERVATIONS. - I s tayed  a t  J ihgf ra6 joch  during t h e  whole 

month o f  January 1963, accompanied by M.G.Spaak. The l i g h t  azimuth- 

al t e l e scope ,  e a s i l y  t r a n s p o r t a b l e ,  was i n s t a l l e d  during every favo- 

r a b l e  n i g h t  on the  t e r r a c e  of t he  I1Sphinx1' a f t e r  c l e a r i n g  the  snow 
and a s t r o n g  packing s o  as t o  minimize the  danger of  high wind. 
A hot  a i r  o u t l e t  p ro t ec t ed  the  e l e c t r o n i c  device from the  co ld ,  

he lp ing  at t h e  same time the  hands of  t h e  opera tor ,  We watched t h e  

water t e n o r  i n  the  t e r r e s t r i a l  atrbosphere by t a k i n g  readings on the  
Noon o r  on "Betelgeuser1 8.t d i f f e r e n t  z e n i t h a l  d i s tances .  Vle determi- 

ned t h e  r e s u l t i n g  s i g n a l  i n  the d i r e c t i o n  of F l a n e t  Mars. 

. . -- . -c 
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A s e r i e s  of measurements on t h e  P lane t  i t s e l f  were in te rposed .  
Five de te rmina t ions  c o l l e c t e d  on t h e  15, 16, 21, 23 and 28 Jan.1963, 

have given each time a s i g n a l  on Mars exceeding t h a t  a t t r i b u t e d  t o  

t e r r e s t r i a l  water vapor. The . d i f f e r  nce was worth t h r e e  t imes t h e  

s e n s i t i v i t y  t h r e s h o l d /  Thus water  vapor from Mars d i d  e x e r t  i ts e f f e c t  

upon t h e  device.  

During t h e  most favorable  n igh t  of  all, t he  t e r r e s t r i a l  water  
along t he  v i s u a l  r a y  descended t o  4.2 10'2g/cm2, Two s e r i e s  of mea- 
surements on H a r s  gave 7.6 -10-2g/crn2, t he  d i f f e rence  of 3.4 *10°212 
2 1 lom2 g/cm 
c rosses  twice t h e  mart ian atmosphere. An obl ique  t r a j e c t o r y  at t h e  

l imb of t he  d i s k  adds t o  t h e  course.  The i n t e g r a t i o n  shows t h a t  i n  

o r d e r  t o  ob ta in  t h e  humidity on t h e  p l a n e t ,  t he  preceding va lue ,  
s a y  8.5 4 10°3g/cm2 must be div ided  by 4. 

2 being due t o  water vapor on t h e  P lane t .  Solar l i g h t  

The device w a s  c a l i b r a t e d  a t  t h e  t e r r e s t r i a l  atmospheric 
pressure .  The mart ian p re s su re ,  10 times lower,  diminishes  the  in t en -  
s i t y  of t he  s p e c t r a l  bands by about t h e  f a c t o r  of 2.3 c151. Upon 
c o r r e c t i o n ,  t h e  quan t i ty  of  water vapor found f o r  t h e  whole of  

g/cm2. I f  w e  assume i t  t o  be I mart ian atmosphere is worth 2 

e n t i r e l y  i n  l i q u i d  form, mart ian water  would form on t h e  ground a 
l a y e r  0.2 mm th ick .  

T rans l a t ed  by ANDRF, L ,  BRICRAEJT 

f o r  t h e  
M A T I O I U L  AERONAUTICS AND SPACE ADM'OM 

9 July,  1963 
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